Vibrational Raman scattering from nitrogen is commonly used in Mie-Raman lidars for evaluation of particle backscattering (β) and extinction (α) coefficients. However, vibrational scattering is characterized by significant frequency shift of the Raman component, so for the calculation of α and β the assumption about the extinction Ångström exponent is needed. Simulation results presented in this study demonstrate that ambiguity in the choice of this exponent can be the significant source of uncertainty in the calculation of backscattering coefficients when optically thick aerosol layers are considered. Examples of lidar measurements and optical data calculated for different values of Ångström exponent are given.
INTRODUCTION
The particle backscattering ( and extinction (α) coefficients measured at multiple wavelengths with a Raman lidar can be inverted to particle microphysics. The system most often used for such measurements, due to its relative simplicity, is a Raman lidar based on a tripled Nd:YAG laser, which provides three backscattering (355 nm, 532 nm, 1064 nm) and two extinction (355 nm, 532 nm) coefficients. To get this so called 3+2α data set the elastic backscatters are measured simultaneously with nitrogen vibrational Raman signal at 387 nm and 608 nm. However the vibrational Raman scattering is characterized by significant wavelength shift of the nitrogen Raman component with respect to the laser line. As a result, information about the spectral dependence of aerosol extinction is needed when α and  are computed, which can be an additional source of uncertainty. In our presentations we report the results of numerical simulations and analysis of experimental measurements aimed to estimate corresponding uncertainties.
NUMERICAL SIMULATIONS
The possibility of independent calculation of aerosol backscattering and extinction coefficients from simultaneously measured elastic and Raman backscatters was first demonstrated by Ansmann et al. [1] . Following their approach the backscattering and extinction coefficients at height z can be calculated as
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Pz is the power of elastic and Raman backscatters,  L,R are corresponding wavelengths and N R (z) is the density of Raman scatters. The reference height z 0 is usually chosen in the free troposphere where
. Indices "a" and "m" here correspond to aerosol and molecular components of backscattering and extinction coefficients.
To account for spectral dependence of α a the extinction Ångström exponent (EAE) A is used:
The value of EAE is unknown, besides it can be height and spectrally dependent, however in computations usually the fixed value of A is assumed. Thus the ambiguity in choice of Ångström exponent and for constant A this uncertainty is range independent. The effect of the EAE on backscattering coefficient is described by the exponent term in (2), which for height independent A can be written as
is the aerosol optical depth for height interval [z 0 , z]. Thus the uncertainties   of backscattering coefficient calculation are integrated over distance z 0 -z and are the most significant at low heights. If A is deviation of EAE from "true" value,  β can be calculated as For estimating the uncertainty   for different laser wavelengths and aerosol loadings, numerical simulation was performed. The particle bimodal size distribution was represented as:
Here N i is the total particle number of the i-th mode, were used and the complex refractive index (CRI) was assumed to be the same for both modes. The concentration of particles in the find mode N f was kept constant through all simulations, while the concentration in the coarse mode varied. The spectral dependence of the EAE is influenced by the relative contributions of the fine and the coarse modes, so to evaluate this effect three types of particle size distribution (PSD) were considered. For the first type (T1) with To estimate how sensitive the backscattering coefficient is to the choice of the Ångström exponent, we considered an aerosol layer extending from the ground up to 4000 m with a height independent particle concentration. As mentioned, the spectral dependence of A has the most influence for PSD with a predominant fine mode, so the simulation results are presented for the T1 distribution. The uncertainty of the backscattering calculation depends on aerosol loading, so in the simulations different particle concentrations were considered in order to obtain extinction coefficients of α a =0. 
The results of the simulations for particle extinction are summarized in Table 2 
ANALYSIS OF LIDAR MEASUREMENTS
The observations performed with multiwavelength GSFC Raman lidar in August 2013 [2] were used to analyze sensitivity of α and β calculation to the choice of the Ångström exponent. During the period considered a strong fire smoke event occurred and the aerosol layers extended up to 4000 m height. The Ångström exponent A 355-532 varied with height from 0.5 to 2.0, as shown in Fig.3 . A 355-532 was computed for values of Ångström exponent in the range 0.5-2.0 assuming AEA to be height independent. The profile of A 355-532 demonstrates low sensitivity to the choice of EAE, while sensitivity of backscattering to AEA is high, as shown in Fig.4 . At 1000 m height the deviation of β 355 from mean value may achieve 10% depending on EAE chosen. For extinction the uncertainty is below 5%. 
CONCLUSION
The simulations performed here demonstrate that the ambiguity in the choice of the Ångström exponent can be a source of significant uncertainties in backscattering calculation when the aerosol layers with high optical depth are profiled and that this effect is especially pronounced at 355 nm. In real measurements, the situation can be even more complicated because of the vertical variability of the Ångström exponent. These uncertainties can be eliminated through the use of rotational Raman scattering instead of vibrational one, thus decreasing the frequency shift of the inelastically scattered component. The first results of rotational Raman channel operation will be reported in accompanying presentation. 
